ABSTRACT
INTRODUCTION
The transesterification of vegetable oil using an alcohol at supercritical conditions comprises a method used to produce biodiesel and has gained growing interest due to the benefits related to the environment and quality of the fuel generated [1] [2] [3] [4] . Alcohol provides the alkyl group that substitutes the fatty fraction of triglyceride and short chain alcohols such as methanol, ethanol, and butanol are the most frequently employed. There are several sources of vegetable oil suitable for production of biodiesel such as palm oil, jatropha, soy bean and some selected species of forest seeds.
The rubber seed oil has a high free fatty acid content, which mean the use of alkaline catalysts such as sodium hydroxide to produce biodiesel is unfavorable [5] because of the formation of relatively large amounts of soaps, leading to product loss and difficulty in the separation and purification of the biodiesel produced [6] . Thus, this work aims to overcome this issue by applying the catalyst-free transesterification reaction in supercritical alcohol condition.
The catalyst-free alcoholysis reactions at supercritical methanol conditions provide improved phase solubility, decrease masstransfer limitations, afford higher reaction rates and make the separation and purification steps of the products easier. Additionally, it has been shown that the supercritical method is more tolerant to the presence of water and free fatty acids than the conventional alkali-catalyzed technique, and hence more tolerant to various types of vegetable oils [7, 8] . However, the supercritical methanol method requires high molar ratios of methanol to oil and the use of high temperatures and pressures to achieve satisfactory conversion levels, leading to high processing costs and in many cases causing degradation of the fatty acid esters formed and secondary reactions with the glycerol formed as byproduct, hence decreasing the reaction conversion [9] [10] [11] . Attempts to reduce the expected high operating cost and product degradation have been made through the addition of co-solvents such as ethanol, CO 2 or water [12] [13] [14] . From an engineering point of view, ethyl ester (from transesterification reaction with ethanol) utilization is also more advantageous than the utilization of methyl esters because of the agricultural renewable resources and the ability of dissolving oils. Therefore, ethanol is sometimes used as a suitable alcohol for the transesterification of vegetables oils.
In this context, the main objective of this work is to investigate the effect of ethanol in the synthesis biodiesel from RSO under supercritical methanol-ethanol conditions.
METHOD

Materials
RSO is pressed from the seeds in Binh Phuoc Province, Vietnam on December 2015.
Oil is dark yellow color, not impurities and used as a feedstock directly for reaction. Oil sample was analyzed to determine composition of fatty acids by gas chromatography GC-MS analysis and showed on According to the diagram in Figure 1 , experiments were carried out repeated three times for each variable point in order to confirm the resulted data.
Analysis of fatty acid methyl ester (FAME), fatty acid ethyl ester (FAEE)
GC/MS analysis was used to determine fatty acid components. The fatty acid methyl esters (FAME) and fatty acid ethyl esters (FAEE) were prepared by trans-esterification of oil with 2N KOH in methanol and n-hexane. Gas chromatographic (GC) analysis of FAME were performed in THERMO TRACE GC ULTRA equipped with a TR-Fame column 
Effect of reaction time on the yield of biodiesel
Beside the temperature, the effect of the reaction time on the conversion efficiency in biodiesel production with supercritical alcohol follows the general rate law. Compared to two steps conventional catalytic reactions which required near 2 hours of reaction time, supercritical alcohol reaction can be completed in a substantially lower duration of 20 minutes. Effect of the reaction time on methyl ester content (molar ratio alcohol:oil 40:1, reaction temperature 280 o C).
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Effect of the alcohol to RSO molar ratio on the yield of biodiesel
The stoichiometric ratio for the transesterification reaction requires three moles of alcohol and one mole of triglyceride to yield three moles of fatty acid ester and one mole of glycerol. Since the transesterification is an reversible reaction, the amount of alcohol reactant in fact is higher than in theory in order to shift the reaction to the product side. Because the critical point of oil and alcohol mixture is reduced when the alcohol: oil molar ratio increased, the FAME and FAEE content is enhanced as constant temperature and pressure.
On the other hand, an excessive ratio of alcohol to oil also lowers the density of reaction mixture. In order to study the effects of alcohol: The transesterification using mixture alcohol in supercritical condition was carried out at the same operating conditions of the previous work using methanol ( 
CONCLUSION
Supercritical alcohol condition has been able to produce biodiesel by using methanol and ethanol as the source of alcohol. By comparing SCM and SCE processes, it was found that SCM is significantly better than SCE in terms of biodiesel yield. However, the mixture of alcohol reactants reduce significantly reaction pressure of transesterification reaction in supercritical alcohol to product biodiesel when increase the percentage of ethanol in alcohol. Therefore, the research can be concluded that reaction in supercritical mixture ethanol -methanol (30% ethanol) is better and more suitable than SCE or SCM to be utilized in biodiesel production.
